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1
PANORAMIC TOMOGRAPHY X-RAY
APPARATUS AND IMAGE PROCESSING
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technology of generating
panoramic tomography X-ray images.

2. Description of the Background Art

In dental treatment, panoramic X-ray tomography is per-
formed for checking the conditions of the teeth (dentition)
and gums of patients. In this panoramic X-ray tomography, an
X-ray source and an X-ray detector are caused to revolve
about an object (patient) in the state of facing each other so as
to sandwich a jaw portion of the object therebetween, to
thereby collect pieces of X-ray transparent data (frame
images) at a predetermined frame rate. Then, the computation
process (shift addition) in which overlapped portions of
images are superimposed along a tomographic plane corre-
sponding to the shape of a dentition is performed, to thereby
generate a panoramic tomographic image.

In order to generate a panoramic tomographic image with
little blurring, it is desired to make a position of a tomographic
plane correspond to the shape of the dentition as much as
possible. Therefore, in Japanese Patent Application Laid-
Open No. 2008-229322, the position of the dentition is speci-
fied from the image data obtained through X-ray CT tomog-
raphy, and the panoramic tomographic plane is set at that
position, to thereby obtain a panoramic tomographic image.

The panoramic X-ray tomography of Japanese Patent
Application Laid-Open No. 2008-229322 can handle the
shape of a dental arch peculiar to a patient. However, when
CT imaging is performed, every portion other than the dental
arch needs to be continuously irradiated with X-rays. Accord-
ingly, from the viewpoint of the purpose to obtain a pan-
oramic tomographic image, portions other than required need
X-ray irradiation, leading to an excessive X-ray exposure.

Normally, the front teeth each extends while being inclined
obliquely forward in the vicinity of the median line of the
upper and lower jaws. It is, therefore, desirable to set a tomo-
graphic plane in accordance with the above-mentioned shape
of the dentition, but in Japanese Patent Application Laid-
Open No. 2008-229322 there is no particular description of
the configuration for handling this shape.

SUMMARY OF THE INVENTION

The present invention is directed to a panoramic tomogra-
phy X-ray apparatus.

A panoramic tomography X-ray apparatus according to a
first aspect of the present invention includes: an X-ray gen-
erator for emitting X-rays; an X-ray detector including a
plurality of detection elements outputting signals corre-
sponding to the intensity of the X-rays to be incident thereon;
a revolution mechanism for causing the X-ray generator and
the X-ray detector to be opposed to each other with an object
including a dentition sandwiched therebetween, and allowing
the X-ray generator and the X-ray detector to revolve about
the object; a storage part for successively accumulating and
storing the signals output from the X-ray detector as image
information when the X-ray generator revolving through the
revolution mechanism emits the X-rays; an image informa-
tion processing part for retrieving the image information from
the storage part and superimposing overlapped portions of
images along a tomographic plane corresponding to a dental
arch to generate a panoramic tomographic image; a display
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part for displaying the panoramic tomographic image gener-
ated by the image information processing part; and a position
setting part for setting, in a median portion including a
median line of the object, a position of the tomographic plane
regarding a depth direction of the object with the use of at
least one image for position setting formed of a median-
portion X-ray image including the median portion.

According to the panoramic tomography X-ray apparatus
of'the first aspect of the present invention, a panoramic tomo-
graphic image can be generated for a tomographic plane
corresponding to the shape of dentition in the vicinity of the
front teeth located in the median portion, with a small amount
of X-ray exposure. As a result, a clear panoramic tomographic
image of the dentition with little blurring can be obtained.

In a second aspect of the present invention, the panoramic
tomography X-ray apparatus according to the first aspect
further includes an operation part for receiving an input of the
operation by an operator, wherein the position setting part
causes the display part to display, as an image for position
designation that forms the at least one image for position
setting, the panoramic tomographic image regarding the den-
tition, and on the at least one image for position setting, the
position setting part receives the designation of the position
regarding the depth direction of the tomographic plane in the
median portion via the operation part and allows a display of
a tomographic image of the tomographic plane passing
through the designated position received, as an X-ray image
of the median portion, on the at least one image for position
setting in a superimposed manner.

According to the panoramic tomography X-ray apparatus
of the second aspect, therefore, a panoramic tomographic
image is displayed as an image for position designation, and
a new position of a tomographic plane is set, so that a pan-
oramic tomographic image regarding the tomographic plane
at the new position is displayed on the image for position
designation in a superimposed manner. This makes it easier to
set an optimum position of a tomographic plane.

In a third aspect of the present invention, in the panoramic
tomography X-ray apparatus according to the second aspect,
the position setting part allows a display of, for at least one
partial area including at least the median portion, the pan-
oramic tomographic image of the tomographic plane passing
through the designated position as the median-portion X-ray
image on the at least one image for position setting in a
superimposed manner.

According to the panoramic tomography X-ray apparatus
of'the third aspect, a panoramic tomographic image is gener-
ated only for a partial area that is a part of the image for
position designation. Therefore, the amount of computation
process required for image generation can be reduced more
compared with the case of generating a new panoramic tomo-
graphic image having the same size as that of the image for
position designation.

In a fourth aspect of the present invention, in the panoramic
tomography X-ray apparatus according to the third aspect, the
position of the at least one partial area is changeable in a
direction orthogonal to the depth direction by the input of the
operation via the operation part on the panoramic tomo-
graphic image.

According to the panoramic tomography X-ray apparatus
of'the fourth aspect, therefore, the position of the partial area
can be moved in a direction orthogonal to the depth direction,
which enables to appropriately select the location at which
the position in the depth direction is set in the median portion.

In a fifth aspect of the present invention, in the panoramic
tomography X-ray apparatus according to any one of the
second to fourth aspects, the position setting part receives the
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position regarding the depth direction for an upper jaw or a
lower jaw in the median portion.

According to the panoramic tomography X-ray apparatus
of the fifth aspect, therefore, the position in the depth direc-
tion of the tomographic plane can be set in the area of an upper
jaw or a lower jaw.

In a sixth aspect of the present invention, in the panoramic
tomography X-ray apparatus according to any one of the
second to fifth aspects, the position setting part receives the
designation of the position regarding the depth direction for
an area that includes a tooth root portion of at least one tooth
located in the median portion.

According to the panoramic tomography X-ray apparatus
of the sixth aspect, therefore, the position in the depth direc-
tion of the tomographic plane can be setin the area of the tooth
root portion.

In a seventh aspect of the present invention, in the pan-
oramic tomography X-ray apparatus of any one of the second
to sixth aspects, the position setting part receives the desig-
nation of the position regarding the depth direction for two
areas including the tooth root portion of the at least one tooth
located in the median portion and a tooth crown portion of the
at least one tooth.

According to the panoramic tomography X-ray apparatus
of the seventh aspect, therefore, the position in the depth
direction of the tomographic plane can be set in both areas of
the tooth root portion and the tooth crown portion.

In an eighth aspect of the present invention, in the pan-
oramic tomography X-ray apparatus of any one of the second
to seventh aspects, the position setting part receives the des-
ignation of the position regarding the depth direction for three
areas including the tooth root portion of the at least one tooth
of'the upper jaw, the tooth root portion of the at least one tooth
of the lower jaw, and occlusion portions of these teeth.

According to the panoramic tomography X-ray apparatus
of'the eighth aspect, therefore, the position in the depth direc-
tion of the tomographic planes can be set in three areas includ-
ing the tooth root portion of the teeth of the upper jaw, the
tooth root portion of the teeth of the lower jaw, and an occlu-
sion portion of the teeth. This enables to set a tomographic
plane corresponding to a shape of a dentition with high accu-
racy.

In a ninth aspect of the present invention, in the panoramic
tomography X-ray apparatus according to any one of the first
to eighth aspects, the position setting part sets the position of
the tomographic plane such that the position of the tomo-
graphic plane changes along the median line in a non-linear
manner in the depth direction.

According to the panoramic tomography X-ray apparatus
of the ninth aspect, therefore, to a tomographic plane having
a non-linear shape along the median line can be set.

In a tenth aspect of the present invention, in the panoramic
tomography X-ray apparatus according to any one of the first
to ninth aspects, the position setting part sets the position of
the tomographic plane such that the position of the tomo-
graphic plane changes along the median line into a beak shape
in the depth direction.

According to the panoramic tomography X-ray apparatus
of the tenth aspect, therefore, a tomographic plane that
deforms into a beak shape can be set so as to correspond to the
shape of the portion in the vicinity of the front teeth of the
upper jaw and the lower jaw.

In an eleventh aspect of the present invention, in the pan-
oramic tomography X-ray apparatus according to any one of
the first to tenth aspects, the tomographic plane has a curved
plane along the dental arch.
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According to the panoramic tomography X-ray apparatus
of'the eleventh aspect, therefore, the tomographic plane has a
curved plane along the dental arch, which enables to generate
a panoramic tomographic image of the entire dentition.

In a twelfth aspect of the present invention, the panoramic
tomography X-ray apparatus according to any one of the first
to eleventh aspects further includes a position detection part
that detects a position of the object, and an adjustment part
that adjusts the positional relationship among the object, the
X-ray generator, and the X-ray detector based on the detec-
tion results by the position setting part.

According to the panoramic tomography X-ray apparatus
of'the twelfth aspect, therefore, panoramic X-ray tomography
can be performed by appropriately adjusting the positional
relationship among the X-ray generator, the X-ray detector,
and the object.

The present invention is also directed to an image process-
ing device used in the panoramic tomography X-ray appara-
tus described above.

An image processing device according to a thirteenth
aspect of the present invention includes: a storage part for
storing, when an X-ray generator emits X-rays while the
X-ray generator and an X-ray detector are caused to revolve
about an object in a state of being opposed to each other with
the object sandwiched therebetween, signals output from the
X-ray detector in accordance with the intensity of the X-rays
as image information when the X-ray generator being
revolved by the revolution mechanism emits the X-rays; an
image information processing part for retrieving the image
information from the storage part and superimposing over-
lapped portions of images along a tomographic plane corre-
sponding to a dental arch to generate a panoramic tomo-
graphic image; a display part for displaying the panoramic
tomographic image generated by the image information pro-
cessing part; and a position setting part for setting, in a
median portion including a median line of the object, a posi-
tion of the tomographic plane regarding a depth direction of
the object, with the use of at least one image for position
setting formed of a median-portion X-ray images including
the median portion.

In a fourteenth aspect of the present invention, the image
processing device according to the thirteenth aspect further
includes an operation part for receiving an input of operation
by an operator, wherein the position setting part causes the
display part to display, as an image for position designation
that forms the at least one image for position setting, the
panoramic tomographic image regarding the dentition, and
on the at least one image for position setting, the position
setting part receives the designation of a position regarding
the depth direction of the tomographic plane in the median
portion via the operation part and displays a tomographic
image of the tomographic plane passing through the desig-
nated position received on the at least one image for position
setting in a superimposed manner.

As seen from the above, the present invention has an object
to provide a technology of generating a clear panoramic
tomographic image by performing panoramic X-ray tomog-
raphy with a small amount of X-ray exposure and appropri-
ately setting a position of a tomography plane.

The above-described and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view showing a pan-
oramic tomography X-ray apparatus according to a first pre-
ferred embodiment of the present invention;
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FIG. 2 is a front view of a cephalostat applicable to the
panoramic tomography X-ray apparatus;

FIG. 3 is a block diagram showing the configuration of the
panoramic tomography X-ray apparatus;

FIG. 4 is a view showing a display screen for position
setting of a tomographic plane;

FIG. 5 is a view showing the display screen when positions
in a depth direction of partial tomographic planes are
changed;

FIG. 6 is a schematic plan view showing a dentition of a
lower jaw of an object;

FIG.7A is a view for explaining the principle of generating
a panoramic tomographic image of a normal tomographic
plane;

FIG. 7B is a view for explaining the principle of generating
a panoramic tomographic image of a tomographic plane
newly set;

FIG. 8 is a flowchart of panoramic X-ray tomography;

FIG. 9 is a detailed flowchart regarding position setting
(Step S4) of a tomographic plane;

FIG.10is a detailed flowchart of generation of a panoramic
tomographic image (Step S5);

FIG. 11 is an exemplary illustration for explaining the
displacement adjustment or shape adjustment of the tomo-
graphic plane;

FIG. 12 is an explanatory view for explaining an example
of an interface for performing the displacement adjustment or
shape adjustment shown in FIG. 11;

FIG. 13A is a view showing an example of setting a posi-
tion of a tomographic plane FS2 with the use of partial tomo-
graphic planes FSF1 to FSF3;

FIG. 13B is an end view showing a median portion of the
tomographic plane FS2 shown in FIG. 13A, which is viewed
from a -X side toward a +X side;

FIG.13Cis anend view showing a line FS2I.to be set when
the partial tomographic plane FSF2 shown in FIG. 13B is
moved toward a =Y direction;

FIG. 14A is a view showing an example of setting the
position of the tomographic plane FS2 with the use of the
partial tomographic planes FSF1 and FSF3;

FIG. 14B is a view showing a median portion of the tomo-
graphic plane FS2 shown in FIG. 14A, with the addition of
teeth to the end view when viewed from the -X side toward
the +X side;

FIG. 14C is a view for explaining the shape of a line FS21
shown in FIG. 14B;

FIG. 14D is a view showing a state in which the partial
tomographic plane FSF1 shown in FIG. 14C is moved in the
+Y direction up to a position of a root apex portion of a front
tooth FT1 of an upper jaw and the partial tomographic plane
FSF3 shown in FIG. 14C is moved in the +Y direction up to
aposition of a rootapex portion ofa fronttooth FT2 of a lower
Jaw;

FIG. 14E is a view for explaining a shape of the line FS21!
shown in FIG. 14D;

FIG. 14F is a view showing the lines FS2L.' and FS21. when
only the partial tomographic plane FSF3 is moved in the +y
direction from the state shown in FIG. 14E;

FIG.15A is a view showing a state of setting the position of
the tomographic plane FS2 with the use of only the partial
tomographic plane FSF1; and

FIG. 15B is a view showing a state of setting the position of
the tomographic plane FS2 with the use of only the partial
tomographic plane FSF3.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Description of the Preferred Embodiment

Hereinafter, a preferred embodiment of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. It should be noted that any components
described in the preferred embodiment are merely illustrative
and should not be construed as limiting the scope of the
present invention.

1. First Preferred Embodiment

<1.1 Configuration and Function of Panoramic Tomogra-
phy X-Ray Apparatus>

FIG. 1 is a schematic perspective view showing a pan-
oramic tomography X-ray apparatus 100 according to a first
preferred embodiment of the present invention. The pan-
oramic tomography X-ray apparatus 100 is roughly divided
into two components: a main body unit 1 that performs X-ray
imaging and collects pieces of projection data and an infor-
mation processing device 8 that processes the pieces of pro-
jection data collected in the main body unit 1 and generates
various images. The panoramic tomography X-ray apparatus
100 is configured so as to perform not only panoramic X-ray
tomography but also normal X-ray computed tomography
CD.

The main body unit 1 includes an X-ray generating part 10,
an X-ray detection part 20, a support part 300 (revolution arm
30), an elevator part 40, a support column 50, and a main-
body control part 60. The X-ray generating part 10 emits an
X-ray cone beam BX1 (see FIG. 3) having an X-ray flux
toward an object M1. The X-ray detection part 20 detects
X-rays emitted from the X-ray generating part 10. The X-ray
generating part 10 and the X-ray detection part 20 are pro-
vided on the support part 300. The elevator part 40 holds the
support part 300 in a suspended manner and is capable of
moving up and down in the vertical direction on the support
column 50. The support column 50 extends in the vertical
direction.

An XYZ orthogonal coordinate system and an Xyz
orthogonal coordinate system are provided as required in, for
example, FIG. 1. Herein, the direction (herein, vertical direc-
tion) parallel to the axial direction of a revolution shaft 31 is
referred to as a “Z-axis direction”, a direction intersecting the
Z-axis direction is referred to as an “X-axis direction”, and a
direction intersecting the X-axis direction and the Z-axis
direction is referred to as a “Y-axis direction”. The X -axis and
Y-axis directions may be set appropriately. Herein, the right-
and-left direction of a subject, which is the object M1, when
the subject is positioned in the panoramic tomography X-ray
apparatus 100 to face the support column 50 is defined as the
X-axis direction, wherein the front-and-back direction of the
subject is defined as the Y-axis direction. The X-axis direc-
tion, the Y-axis direction, and the Z-axis direction are
assumed to be orthogonal to each other in this preferred
embodiment. In some cases, hereinafter, the Z-axis direction
is referred to as the vertical direction, and the direction on a
plane two-dimensionally defined by the X-axis direction and
the Y-axis direction is referred to as the horizontal direction.

The xyz orthogonal coordinate system is a three-dimen-
sional coordinate system defined on the revolution arm 30
that revolves. Herein, the direction in which the X-ray gen-
erating part 10 and the X-ray detection part 20 are opposed to
each other is referred to as a “y-axis direction”, a horizontal
direction orthogonal to the y-axis direction is referred to as an
“x-axis direction”, and a vertical direction orthogonal to the
x-axis and y-axis directions is referred to as a “z-axis direc-
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tion”. In this preferred embodiment, the Z-axis direction is
the same as the z-axis direction. The revolution arm 30 in this
preferred embodiment rotates about the revolution shaft 31
extending in the vertical direction. Accordingly, the xyz
orthogonal coordinate system rotates about the Z-axis (=z-
axis) to the XYZ orthogonal coordinate system.

In this preferred embodiment, as shown in FIG. 1, the
left-hand direction is referred to as a (+X) direction, the rear
direction is referred to as a (+Y) direction, and the vertically
upward direction is referred to as a (+Z) direction in a case
where the subject faces the support column 50. In addition, in
a case where the X-ray generating part 10 and the X ray
detection part 20 are viewed from above in a plan view, the
direction from the X-ray generating part 10 toward the X-ray
detection part 20 is referred to as a (+y) direction, the right-
hand direction from the (-y) side to the (+y) side is referred to
as a (+x) direction, and a vertically upward direction is
referred to as a (+z) direction.

Further, X, Y, Z, x, y and z are used below for defining
two-dimensional coordinates or planes. For example, the
two-dimensional coordinates formed by the X-coordinate
and Y-coordinate are referred to as XY coordinates, and the
two-dimensional plane extending in the X direction and Y
direction is referred to as an XY plane in some cases.

The X-ray generating part 10 and the X-ray generating part
20 are respectively fixed to both ends of the revolution arm 30
in a suspended manner and are supported so as to be opposed
to each other. The revolution arm 30 is fixed to the elevator
part 40 in a suspended manner through the revolution shaft 31
extending in the vertical direction.

The X-ray generating part 10 includes, inside a housing
thereof, an X-ray generator 13 having an X-ray tube that is an
X-ray source therefor. The housing of the X-ray generating
part 10 is rotatably mounted to the support part 300 around the
Z-axis. This rotation function is used in, for example, cepha-
lic imaging (see FIG. 2).

The X-ray detection detection part 20 includes an X-ray
detector 21 that detects X-rays that have passed through the
object M1. The X-ray detector 21 forms an image sensor
composed of a plurality of X-ray detection elements that are
arranged so as to spread on a two-dimensional plane (herein,
xz plane). The X-ray detection element outputs a signal cor-
responding to the intensity of the X-ray toward the outside.
The image sensor obtains the intensity of the X-ray entering
the X-ray detection part 20, at a frame rate needed, as frame
image data (image information) in which each pixel has a
pixel value corresponding to the intensity of the X-ray.

While the support part 300 is configured as the revolution
arm 30 that revolves about the revolution shaft 31 and the
X-ray generating part 10 and the X-ray detection part 20 are
respectively mounted to both ends of the revolution arm 30
having an approximately rectangular solid shape in this pre-
ferred embodiment, the configuration of the support part 300
that supports the X-ray generating part 10 and the X-ray
detection part 20 is not limited thereto. The X-ray generating
part 10 and the X-ray detection part 20 may be supported so
as to be opposed to each other by, for example, an annular
member that rotates about the center of an annularly-shaped
portion.

The elevator part 40 is engaged with the support column 50
vertically arranged so as to extend along the vertical direction.
Anupper fame 41 and a lower frame 42 of the elevator part 40
project toward the side opposite to the side on which the
elevator part 40 is engaged with the support column 50, and
thus the elevator part 40 has an approximately U-shaped
structure.
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An upper end portion of the revolution arm 30 is mounted
to the upper frame 41 of the elevator part 40. The revolution
arm 30 is suspended from the upper frame 41 of the elevator
part 40 in this manner, and the revolution arm 30 is moved up
and down as a result of the elevator part 40 moving along the
support column 50.

The lower frame 42 of the elevator part 40 is provided with
an object fixing part 421 composed of a rod for fixing the
object M1 (in this case, human head) from the right and left
sides, a chin rest for fixing a chin, and the like. The head ofthe
subject is fixed such that the front-and-back direction of the
head is parallel to or substantially parallel to the Y-axis direc-
tion. In other words, in the state in which the head is fixed, the
median sagittal cross-section of the head is parallel to or
substantially parallel to the YZ plane defined by the Y-axis
direction and the Z-axis direction.

The revolution arm 30 is moved up and down in accordance
with the height of the object M1 as well as in accordance with
the moving up and down motions of the elevator part 40 so as
to be adjusted to an appropriate position, so that the object M1
is fixed to the object fixing part 421 in that state. In the
example shown in FIG. 1, the object fixing part 421 fixes the
object M1 such that the direction of the body axis of the object
M1 is identical to or substantially identical to the axial direc-
tion of the revolution shaft 31.

As shown in FIG. 1, the main-body control part 60 that
controls the operations of the respective components of the
main-body unit 1 is provided in the X-ray detection part 20.
Further, the respective components of the main body unit 1
are accommodated in an X-ray proofroom 70. A display part
61 and an operation panel 62 are provided on the outside wall
of'the X-ray proofroom 70. The display part 61 is configured
as, for example, a liquid crystal monitor for displaying vari-
ous types of information based on the control of the main-
body control part 60. The operation panel 62 is configured as,
for example, buttons for inputting various commands to the
main-body control part 60. The operation panel 62 is also
used for designating, for example, the position of an image
area of a living organ or the like. There are various modes
(such as panoramic X-ray tomography, CT imaging and
cephalic imaging) in X-ray imaging, and a mode to be
executed can be selected through operation of the operation
panel 62.

Provided on the back side of the X-ray detector 21 of the
X-ray detection part 20 of the main body unit 1 are an opera-
tion panel 62A having a function same as or similar to that of
the operation panel 62 and a display part 61 A having a func-
tion same as or similar to that of the display part 61, so that the
main body unit 1 can be operated from the inner side and the
outer side of the X-ray proof room 70.

The information processing device 8 includes an informa-
tion processing main body 80 configured as a computer, a
work station, or the like, and is capable of sending/receiving
various types of data to/from the main body unit 1 by means
of' a communication cable. Data can be exchanged between
the main body unit 1 and the information processing device 8
in a wireless manner.

A display part 81 of the information processing device 8 is
configured as a display device such as a liquid crystal monitor
and an operation part 82 is composed of a keyboard, a mouse,
and the like, and these display part 81 and the operation part
82 are connected to the information processing main body 80.
An operation is capable of providing various commands to
the information processing device 8 by means of the opera-
tion part 82. It is also possible to configure the display part 81
as atouch panel and, in this case, the display part 81 performs
apart or the entirety of the functions of the operation part 82.
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FIG. 2 is a front view showing a cephalostat 43 applicable
to the panoramic tomography X-ray apparatus 100. As shown
in FIG. 2, the cephalostat 43 may be provided on the elevator
part40. The cephalostat 43 is mounted to, for example, an arm
501 extending from the middle portion of the support column
50 in the horizontal direction. The cephalostat 43 is provided
with a fixture 431 for fixing the head of a patient at a fixed
position and an X-ray detector 432 for cephalic imaging.
Various cephalostats such as one disclosed in Japanese Patent
Application Laid-Open No. 2003-245277 are adoptable as
the cephalostat 43.

FIG. 3 is a block diagram of the configuration of the pan-
oramic tomography X-ray apparatus 100.

As shown in FIG. 3, the main body unit 1 includes a driving
part 65 composed of a revolution motor 60R, an X-axis motor
60X, and a Y-axis motor 60Y. The X-axis motor 60X and the
Y-axis motor 60Y cause the revolution shaft 31 to move
horizontally in the X-axis direction and the Y-axis direction
by means of an X-Y movement mechanism composed of an
X-direction movement mechanism (not shown) and a Y-di-
rection movement mechanism (not shown). The X-direction
movement mechanism is formed of a mechanical component
that displaces the revolution shaft 31 in the X-axis direction
relative to the object M1, and the Y-direction movement
mechanism is formed of a mechanical component that dis-
places the revolution shaft 31 in the Y-axis direction relative
thereto. In addition, the revolution motor 60R rotates the
revolution shaft 31 about the Z-axis by means of a revolution
mechanism (not shown) composed of a mechanical compo-
nent that rotates the revolution shaft 31 relative to the object
MI1. In other words, the driving part 65 causes the revolution
arm 30 to move horizontally or move while revolving relative
to the object M1 located at a position needed. In this preferred
embodiment, the driving part 65, the revolution shaft 31, and
the support part 300 (revolution arm 30) constitute the revo-
lution mechanism.

The main-body control part 60 has a configuration of a
typical computer, in which a CPU 601, a storage part 602, a
ROM 603, and a RAM 604 are connected to a bus line. The
CPU 601 executes various control programs including a pro-
gram PG1 for controlling the driving part 65, and the storage
part 602 is formed as a fixed disk such as ahard disk and stores
various types of data and the program PG1.

The CPU 601 executes the program PG1 stored in the
storage part 602 on the RAM 604, and accordingly functions
as an X-ray generating part control part 601a that controls the
X-ray generating part 10 and an X-ray detection part control
part 6015 that controls the X-ray detection part 20 in accor-
dance with various imaging modes. The X-ray generating
part control part 601« is also capable of controlling an irra-
diation amount of X-rays and has the function of the X-ray
irradiation control part. In addition, the CPU 601 functions as
a driving control part 601c that controls driving of the driving
part 65 and, for example, controls driving such that, for
example, the X-ray generating part 10 and the X-ray detection
part 20 are moved in a track in accordance with various types
of imaging.

The CPU 601 forming the main-body control part 60 and a
CPU 801 forming the information processing main body 80
collectively constitute a control system.

The operation panel 62 connected to the main-body control
part 60 is composed of a plurality of operation buttons and the
like. As an input device used in place of or used together with
the operation panel 62, a keyboard, a mouse, a touch pen, and
the like are adoptable in addition to the operation button.
Alternatively, recognition may be made upon reception of a
voice command by a microphone or the like. That is, the
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operation panel 62 is just an example of the operation means
(operation part). Therefore, any operation means may be
adopted as long as the operation of the operator can be
received. Still alternatively, the display part 61 may be formed
of'atouch panel and, in this case, the display part 61 has a part
or the whole of the functions of the operation panel 62.

Various types of information required for the operation of
the main body unit 1 are displayed on the display part 61 in the
format of text, image, and the like. Note that the display
contents displayed on the display part 81 of the information
processing device 8 may also be displayed on the display part
61. Alternatively, various commands may be issued to the
main body unit 1 through, for example, a pointer operation
with a mouse or the like on the text or image displayed on the
display part 61.

An adjustment part 601d specifies the position of the object
M1, and adjusts the tracks of the X-ray generator 13 and the
X-ray detector 21 being revolving, in accordance with the
specified position of the object M1. Conceivable examples of
the method of specifying the position of the object M1 include
one that uses a laser beam. Specifically, a laser beam is emit-
ted from a position detection part 17 (in this case, laser light
source) included in the X-ray generating part 10, and the
X-ray generating part 10 is moved such that a characteristic
position of the face of the subject is irradiated with laser
beam. For example, if positions on corners of the lips of the
subject are irradiated with a laser beam, the positions of
canine teeth that are part of a dentition can be roughly speci-
fied. This enables to roughly specify, that is, detect the posi-
tion of the dentition of the object M1. The revolving tracks of
the X-ray generator 13 and the X-ray detector 21 are adjusted
(shifted) based on the positional information being detection
results obtained through the specification and detection as
described above. As a result, the positional relationship
among the X-ray generator 13, the X-ray detector 21, and the
object M1 is appropriately adjusted, which enables to per-
form panoramic X-ray tomography.

Conceivable modes in which position adjustment is per-
formed include a mode in which one of the X-ray generator 13
and the X-ray detector 21 moves relative to the object M1 and
a mode in which the X-ray generator 13 and the X-ray detec-
tor 21 both move relative to the object M1. In any case, the
positional relationship among the object M1, the X-ray gen-
erator 13, and the X-ray detector 21 is adjusted.

The main body unit 1 takes an image of an area of interest
(such as living organ, bones including teeth, and joint) of the
object M1 with X-rays in accordance with the operation panel
62 or the command from the information processing device 8.
In addition, the main body unit 1 receives various commands,
coordinate data, and the like from the information processing
device 8 and, on the other hand, transmits the X-ray projec-
tion data obtained by imaging to the information processing
device 8. In this preferred embodiment, in the main body unit
1, an image of a dentition 90 as shown in FIG. 6 is taken, so
that panoramic X-ray tomography of an area of the dentition
is thus performed.

The information processing main body 80 has a configu-
ration of a typical computer, in which a CPU 801, a storage
part 802, a ROM 803, and a RAM 804 are connected to a bus
line. The CPU 801 executes various programs, and the storage
part 802 is formed of a fixed disk such as a hard disk and stores
various types of data and a program PG2.

The CPU 801 executes the program PG2 stored in the
storage part 802 on the RAM 804 to function as a position
setting part 801a and an image information processing part
8015. The position setting part 801a sets a position of a
tomographic plane in generating a panoramic tomography
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X-ray image, based on an input of the operation via the
operation part 82. The setting of the position of the tomo-
graphic plane is described below in detail. The image infor-
mation processing part 8015 generates a panoramic tomog-
raphy X-ray image corresponding to the position of the
tomographic plane from the frame image data obtained in the
panoramic X-ray tomography. The generation of the pan-
oramic tomography X-ray image is also described below in
detail. The CPU 801 functions as the position setting part
801a and the image information processing part 8015,
whereby the information processing device 8 functions as an
image processing device.

The program PG1 and PG2 may be obtained by the main-
body control part 60 or the information processing main body
80 via a predetermined network line or the like. Alternatively,
the programs PG1 and PG2 stored in a portable medium (such
as a CD-ROM) may be obtained by the main-body control
part 60 or the information processing main body 80 by read-
ing with a predetermined reader.

In this preferred embodiment, the operator designates the
CT image area by the operation panel 62 or the operation part
82. Specifically, a screen (an illustration, a panoramic image
or the like) displaying a part or the entirety of a living body
appears on the display part 61 or the display part 81, and the
operator designates the area desired to be imaged by the
operation panel 62 or the operation part 82, whereby the
image area is designated. Alternatively, in place of displaying
a screen for specifying an area on the screen, a portion may be
designated directly by input of the name of the portion or
input of a code from the operation panel 62 or the operation
part 82.

A control part may be additionally provided in the opera-
tion panel 62 to bear a part of the control by the main-body
control part 60, or the main-body control part 60 may be
provided on the entire surface of the operation panel 62.

<1.2. Panoramic X-Ray Tomography and Generation of
Panoramic Tomography X-Ray Image>

In panoramic X-ray tomography, the X-ray generator 13
and the X-ray detector 21 are disposed so as to face each other
with dentition of the object M1 sandwiched therebetween,
and the X-axis motor, the Y-axis motor, and the revolution
motor are driven such that the X-ray generator 13 and the
X-ray detector 21 rotate about the object M1 in an integrated
manner (see FIG. 3). The X-rays emitted from the X-ray
generator 13 pass through an X-ray restriction part 16 (pri-
mary X-ray shielding part), and are then formed into the long
and narrow X-ray beam BX1 that extends in the z-axis direc-
tion. An unnecessary scattering X-ray portion of the X-ray
beam BX1 that has passed through the object M1 is partially
shielded preferably by a collimator (secondary X-ray shield-
ing part; not shown) that is provided on the front surface of the
X-ray detector 21 and forms a narrow gap. Then, a portion of
the X-ray beam BX1, which has passed through the narrow
gap of the collimator, enters the X-ray detector 21.

In panoramic X-ray tomography, a standard dental arch (a
horseshoe-shaped or  approximately-horseshoe-shaped
curve) is assumed in advance. The X-ray generator 13 moves
such that the X-ray beam BX1 enters this dental arch almost
perpendicularly thereto. Preferably, the X-ray detector 21 and
the X-ray generator 13 are moved such that the moving track
of the X-ray beam BX1 generates a symmetrical envelope
track of an approximately triangular shape with respect to the
vertex of the dental arch that projects toward the front tooth
portion. The X-ray beam BX1 is radiated from one portion in
the vicinity of the right or left jaw joint or back tooth toward
the front tooth of a dental arch and then from the front tooth
toward the other portion in the vicinity of the right or left jaw
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joint or back tooth thereof, and pieces of frame image data on
the irradiated portions are incessantly and continuously
obtained by the X-ray detector 21. The above-mentioned
movement of the X-ray generator 13 is disclosed in, for
example, Japanese Patent Application Laid-Open No. 2009-
131656 (for example, see F1G. 5) filed by the applicant of the
present application.

The pieces of image information each having a pixel value
corresponding to the intensity of incoming X-rays are suc-
cessively collected by the X-ray detector 21 at a frame rate
needed and are accumulated and stored in the storage part
802. The image information processing part 8015 reconfig-
ures a panoramic tomographic image using the collected
pieces of frame image data. Specifically, the process (process
of adding pixel values (shift addition process)) of succes-
sively superimposing overlapped portions of images on the
consecutive frame images is performed along the tomo-
graphic plane corresponding to the dental arch that has been
set. As a result, a single panoramic tomographic image is
generated. Various techniques of the shift addition process
have been proposed, and it is possible to appropriately apply
such techniques also in the present invention.

A MOS sensor or a CMOS sensor may be preferably used
as the X-ray detector 21, which may be any electrical imaging
sensor as long as a frame image is obtained. In other words,
various sensors including a flat panel detector (FPD) such as
a CCD sensor, and a solid-state imaging element can be used.

In order to obtain a clear panoramic tomography X-ray
image with little blurring for an area that an image reader
wants to view, it is required to appropriately set a position of
atomographic plane. In the shown preferred embodiment, the
position setting is performed via a GUIL

FIG. 4 is a view showing a display screen for position
setting W1. The display screen W1 corresponds to the entire
screen of the display part 81 or a predetermined display
window that appears on the entire screen of the display part
81. As shown in FIG. 4, an image for position designation
PA11 is displayed on the display screen W1. For the sake of
description, a cross-sectional view (cross-sectional view of a
dentition) when the portions corresponding to front teeth FT1
of an upper jaw and front teeth FT2 of a lower jaw of the
dentition 90 of the object M1 are cut on the YZ plane is shown
on the right side of the display screen W1 in FIG. 4.

The image for position designation PA11 shown in FIG. 4
is a standard panoramic tomographic image P1. The standard
panoramic tomographic image P1 is a tomographic image
generated by performing the process of adding images along
a standard tomographic plane FS1 set in advance. The stan-
dard tomographic plane FS1 has, for example, a standard
shape and corresponds to a dentition model having a standard
size. That s, the standard tomographic plane FS1 has a curved
shape parallel to the Z-axis extending along the dental arch of
this dentition model, which is a curved plane so as to be
curved into a horseshoe shape in top plane view (see FIGS.
7A and 7B). Therefore, the standard tomographic plane FS1
does not necessarily correspond to the dentition shape of the
object M (subject) completely, which roughly has a shape
corresponding thereto.

Here, as shown in the cross-sectional view of the dentition,
a typical dentition extends so as to be inclined forward (to-
ward the (-Y) direction opposite to the depth direction (+Y)
direction)) at the portions of the front teeth FT1 of the upper
jaw and the front teeth FT2 of the lower jaw. On the other
hand, the standard tomographic plane FS1 has a shape to be
parallel to the Z-axis direction, which does not correspond to
the shape of the portion in the vicinity of the front teeth of'the
dentition of the object M1. Accordingly, in a case of the
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standard panoramic tomographic image P1 reconfigured
based on the standard tomographic plane FS1, a tomographic
image may be blurred and unclear.

Therefore, in this preferred embodiment, position setting is
performed in order that the standard tomographic plane FS1
for reconfiguring a panoramic tomographic image will turn
into a desired tomographic plane (tomographic plane FS2).
For that purpose, first, the standard panoramic tomographic
image P1 is displayed on the display part 81 as the image for
position designation PA11, and three partial area frames F1,
F2, and F3 for designating the position are displayed on the
standard panoramic tomographic image P1. The image for
position designation PA11 is an example of images constitut-
ing an image for position setting that is used in setting of a
position of the tomographic plane.

The partial area frames F1, F2, and F3 are frames that
define partial areas smaller than the image for position des-
ignation PA11. The partial area frames F1, F2, and F3 are
provided for adjusting the position regarding the depth direc-
tion (position in the Y-axis direction) of the tomographic
plane (tomographic plane FS2) based on a predetermined
operation by the operator, as described below. The partial area
frames F1, F2, and F3 may be each set so as to move in the
direction orthogonal to the depth direction, specifically, move
longitudinally (corresponding to the Z-axis direction) along a
median line .1 defined on the image for position designation
PA11, based on a predetermined operation by an operator. In
addition, the partial area frames F1, F2, and F3 may also be set
so as to move laterally (corresponding to the direction in
which the standard tomographic plane FS1 extends) in the
range including the median line 1.

An object having standard body shape (a human being
body) is substantially symmetric in right and left, and the
median line 1 being a straight line coincides with an axis of
symmetry of the object that is substantially symmetric in right
and left viewed from the front (or viewed from the rear). The
median line L1 is also a center line between the right side and
left side of the object being substantially symmetric viewed
from the front. The median portion refers to a portion includ-
ing the axis of symmetry. When the median plane of the object
is called a median plane MP, the median plane MP looks a
straight line when viewed from the front, and when this
straight line is called a line ML, the median line L1 is a line
coincides with the line ML. In the present invention, a head of
a human being is especially paid attention, and the median
portion is the portion of a dental arch, jaws, a face intersecting
the median line L1 and containing the median line L1 viewed
from the front. And also the median portion is a portion of a
dental arch, jaws, a face intersecting the median plane MP and
containing the median plane MP. The median portion refers to
a portion including the axis of symmetry. Specifically, when
viewed from the front, the human head is substantially sym-
metric, and the axis of symmetry passes through the front
teeth of the upper jaw and the front teeth of the lower jaw. That
is, the straight line passing through the front teeth of the upper
jaw and the front teeth of the lower jaw serves as the median
line 1. The portion including the front teeth of the upper jaw
and the lower jaw is defined as the median portion.

The partial area frames F1, F2, and F3 are set for the partial
areas including at least the median portion. The partial area
frames F1, F2, and F3 may be set so as to move to the
positions offset from the median portion, which are config-
ured to be positioned in the partial areas including at least the
median portion. If the partial area frames are moved, partial
panoramic tomographic images described below are gener-
ated regarding the locations to which the partial area frames
have moved.
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In this preferred embodiment, the position of the tomo-
graphic plane for reconfiguring a panoramic tomographic
image including the entire dentition is set by adjusting the
position (position in the Y-axis direction) regarding the depth
direction of the tomographic plane corresponding to the par-
tial area frames F1, F2, and F3. More specifically, the position
regarding the depth direction of the tomographic plane (par-
tial tomographic planes FSF1, FSF2, and FSF3) correspond-
ing to the partial area frames F1, F2, and F3 is changed
through a predetermined operation. This operation may be
performed, for example, by the operation of moving a point-
ing device such as a mouse, or by inputting numeric values by
means of a keyboard.

More specifically, any of the partial area frames F1, F2,and
F3 may be selected through the operation of clicking a mouse
such that the selected partial area frame is adjusted, by a roller
included in a recent mouse, to be positioned in the +Y depth
direction through a rotational operation to one of the + and -
rotational directions and be positioned in the —Y depth direc-
tion through a rotation operation to the other of the + and -
rotational directions.

FIG. 5 is a view showing the display screen W1 when the
positions in the depth direction of the partial tomographic
planes FSF1 to FSF3 are changed. In the initial state, the
partial tomographic planes FSF1 to FSF3 are set to the same
positions as those of the standard tomographic plane FS1
regarding the depth direction (see cross-sectional view of the
dentition in FIG. 4). Then, the above-mentioned predeter-
mined operation is performed, and accordingly, the partial
tomographic planes FSF1 to FSF3 are moved back and forth
in the depth direction, so that the positions thereof are desig-
nated.

When the partial tomographic planes FSF1 to FSF3 are
moved, a tomographic image of the tomographic plane cor-
responding to the positions of the partial tomographic planes
FSF1 to FSF3, in this case, partial panoramic tomographic
images PF1, PF2, and PF3 passing through the positions of
the partial tomographic planes FSF1 to FSF3 are generated,
respectively. The partial panoramic tomographic images PF1
to PF3 are generated in the same manner as, for example, the
standard panoramic tomographic image P1. However, the
sizes of the generated images are equal to the sizes of the
partial tomographic planes FSF1 to FSF3. In other words, the
partial panoramic tomographic images PF1 to PF3 have the
sizes defined by the partial area frames F1 to F3. The gener-
ated partial panoramic tomographic images PF1 to PF3 are
displayed on the partial area frames F1 to F3 in a superim-
posed manner. Accordingly, new partial panoramic tomo-
graphic images PF1 to PF3 are generated and are displayed on
the partial area frames F1 to F3 in a superimposed manner
every time the positions in the depth direction of the partial
tomographic planes FSF1 to FSF3 are changed. The partial
panoramic tomographic images PF1 to PF3 are examples of
the X-ray image of the median portion (that is, median-por-
tion X-ray image), which constitute an image for position
setting together with the image for position designation
PA11. The median portion is imaged in the partial panoramic
tomographic images PF1 to PF3, and the partial panoramic
tomographic images PF1 to PF3 are median-portion X-ray
images including the median portion. In the present inven-
tion, the images constituting the image for position setting,
such as the image for position designation PA11 and the
partial panoramic tomographic images PF1 to PF3, are
referred to as images forming an image for position setting.

The partial panoramic tomographic images PF1 to PF3 are
the median-portion X-ray images that display the position for
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designating the tomographic plane in the depth direction
(Y-axis direction) of the median portion.

In the present invention, the median-portion X-ray image
(specifically, X-ray image of the tomographic plane of the
median portion) such as the partial panoramic tomographic
images PF1 to PF3 that are used in setting of a position of the
tomographic plane of the median portion, or an X-ray image
showing the tomographic plane of a specific position regard-
ing the depth direction in the median portion is a median-
portion tomographic plane position specifying image.

In this preferred embodiment, a panoramic tomographic
image to be newly generated when the positions in the depth
direction of the partial tomographic planes FSF1 to FSF3 are
changed is limited to a partial one. Therefore, an amount of
computation process required for generating an image can be
reduced compared with the case of newly generating a pan-
oramic tomographic image (for example, standard panoramic
tomographic image P1) including the entire dentition.

A reduced amount of computation process enables to gen-
erate the partial panoramic tomographic images PF1to PF3 in
real time. That is, the operation of moving the partial tomo-
graphic planes FSF1to FSF3 by the operator is reflected in the
partial panoramic tomographic images FSF1 to FSF3 imme-
diately after the operation is received. This allows the opera-
tor to accurately stop the partial tomographic planes FSF1 to
FSF3 at desired positions.

For example, in the example shown in FIG. 5, the partial
tomographic plane FSF1 is set to a position at which it has
moved in the depth direction with respect to the standard
tomographic planes FS1 by a distance needed. In addition, a
position in the longitudinal direction of the partial area frame
F1 is set on the image for position designation PA11 such that
the partial area frame F1 includes a tooth root portion RT1 of
the front teeth FT1 of the upper jaw. The front teeth FT1,
particularly a root apex portion RTel thereof located in the
root of the tooth root portion RT1 or the portion in the vicinity
thereof, effectively serves as an indicator in setting the posi-
tion of a tomographic plane for obtaining a panoramic tomo-
graphic image. That is, a position of the tomographic plane
FS2 of a panoramic tomographic image in which a portion in
the vicinity of the tooth root portion RT1 becomes clear can
be set by setting the position of the partial tomographic plane
FSF1 to make the tooth root portion RT1, particularly root
apex portion RTel or the edge in the vicinity thereof, clear.

In the example shown in FIG. 5, the partial tomographic
plane FSF3 is set to a position at which it has moved in the
depth direction with respect to the standard tomographic
plane FS1 by a distance needed. In addition, the height posi-
tion of the partial area frame F3 is set on the image for position
designation PA11 such that the partial area frame F3 includes
a tooth root portion RT2 of the front teeth FT2 of the lower
jaw. The front teeth F'T2, particularly a root apex portion RTe2
thereoflocated in the root of the tooth root portion RT2 or the
portion in the vicinity thereof, effectively serves as an indi-
cator in adjusting a focus, similarly to the above-mentioned
root apex portion RTel of the tooth root portion RT1. That is,
it suffices that a position in the depth direction of the partial
tomographic plane FS3 is set in a panoramic tomographic
image PF3 to make the root apex portion RTe2 of the tooth
root portion RT2 or the edge in the vicinity thereof clear.
Accordingly, it is possible to finely set the position of the
tomographic plane FS2 of the panoramic tomographic image
that has a clear image quality for the portion in the vicinity of
the tooth root RT2.

In addition, in the example shown in FIG. 5, the partial area
frame F2 is set to a position at which it has moved in the
direction (that is, front side of a subject) opposite to the depth
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direction with respect to the standard tomographic plane FS1
by a distance needed. The position in the longitudinal direc-
tion of the partial area frame F2 is set on the image for position
designation PA11 such that the partial area frame F2 includes
a tooth crown portion CT1 and a tooth crown portion CT2 of
the frontteeth FT1 and FT2. Similarly to the root apex portion
RTel of the tooth root portion RT1, a tip portion CTel or a
CTe2 of the tooth crown portion CT1 or the tooth crown
portion CT2 effectively serves as an indicator in adjusting a
focus. In other words, the position in the depth direction of the
partial tomographic plane FSF2 is set such that the front teeth
FT1 and FT2, particularly the tip portion CTel or tip portion
CTe2, or an edge in the vicinity thereof can be clearly iden-
tified in the partial panoramic tomographic image PF2.
Accordingly, a position of the tomographic plane FS2 for
generating a panoramic tomographic image having a clear
image quality can be finely set for an occlusion portion (tip
portions CTel and CTe2 of'the tooth crown portions CT1 and
CT2, that is, tip portions of the teeth or the portion in the
vicinity thereof).

From the above, the root apex portion RTel or the vicinity
thereof, the root apex portion RTe2 or the vicinity thereof, or
the tip portions CTel and CTe2 or the vicinities thereof effec-
tively serve as an indicator in adjusting a focus. Therefore,
preferably, the positions in the X-axis direction and the Z-axis
direction of the partial tomographic plane FSF1 are set so as
to include the root apex portion RTel or the vicinity thereof
when being moved in the Y-axis direction. Similarly, the
positions in the X-axis direction and the Z-axis direction of
the partial tomographic plane FSF3 are set so as to include the
root apex portion RTe2 or the vicinity thereof when being
moved in the Y-axis direction. Further, the positions in the
X-axis direction and the Z-axis direction of the partial tomo-
graphic plane FSF2 are set so as to include the tip portions
CTel and CTe2 or the vicinities thereof when being moved in
the Y-axis direction.

While three partial area frames are provided in the
examples shown in FIG. 4 and FIG. 5, only frames less than
three may be provided. For example, only any one of the
partial area frames F1 to F3 shown in FIG. 4 and FIG. 5 may
be provided or only any two of them may be provided.

For example, only the partial area frame F1 may be pro-
vided so as to adjust the position of the tomographic plane for
only the front teeth F'T1 of the upper jaw, specifically, for only
the tooth root portion RT1 of the front teeth FT1 of the upper
jaw. Alternatively, only the partial areca frame F3 may be
provided so as to adjust the position of the tomographic plane
for only the front teeth FT2 of the lower jaw, specifically, for
only the tooth root portion RT2 of the front teeth FT2 of the
lower jaw. Still alternatively, only the partial area frames F1
and F3 may be provided so as to adjust the position of the
tomographic plane for only the tooth root portion RT1 of the
front teeth FT1 of the upper jaw and the tooth root portion
RT2 of the front teeth FT2 of the lower jaw. The tooth root
portion cannot be checked visually, and thus, it is particularly
highly effective to generate a tomographic image at an appro-
priate position. Needless to say, a more suitable tomographic
image can be generated also with the use of the partial area
frame F2. On the contrary, the number of frames may be
increased such that partial area frames exceeding three may
be provided.

The standard panoramic tomographic image P1 at the posi-
tion along the standard tomographic plane FS1 may be con-
tinuously used for the image for position designation PA11.
Alternatively, after the positions in the depth direction of the
partial tomographic planes FSF1 to FSF3 are adjusted, a
panoramic tomographic image of the tomographic plane FS2
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that corresponds to the positions of the partial tomographic
planes FSF1 to FSF3 after the position adjustment may be
generated once, and the panoramic tomographic image once
generated may be used as a new image for position designa-
tion PA11.

In the present invention, the panoramic tomographic image
of the tomographic plane FS2, which is generated after the
position adjustment in the depth direction of the partial tomo-
graphic planes FSF1 to FSF3 and corresponds to the positions
of the partial tomographic planes FSF1 to FSF3 after the
position adjustment, is referred to as an adjusted panoramic
tomographic image.

In a case where the adjusted panoramic tomographic image
generated and displayed as a result of the position adjustment
in the depth direction of the partial tomographic planes FSF1
to FSF3 by the operator is judged to be poor, the adjusted
panoramic tomographic image displayed once may be used as
a new image for position designation PA11. Alternatively,
upon instruction for reset, which is set to be received, the
normal panoramic tomographic image P1 at the position
along the initial normal tomographic plane FS1 may be dis-
played again as the image for position designation PA11.

FIG. 6 is a view showing the positional relationship
between the dentition 90 of the object M1 and the standard
tomographic plane FS1 or the newly-set tomographic plane
FS2. The left side of FIG. 6 is a plan view of the dentition 90
of the lower jaw, and the right side of FIG. 6 is a cross-
sectional view of the dentition as in FIG. 5. The plane view on
the left side of FIG. 6 shows a portion (curve) of the tomo-
graphic plane FS2 passing through a position Pos2 of the
partial tomographic plane FSF2 and a position Pos3 of the
partial tomographic plane FSF3.

As described with reference to FIG. 5, if the positions in the
depth direction of the partial tomographic planes FSF1 to
FSF3 are set, a position of the tomographic plane FS2 is set
based on the set positions. Specifically, as shown in the cross-
sectional view of the detention in FIG. 6, the tomographic
plane FS2 is set so as to pass through the position Pos1 of the
partial tomographic plane FSF1, the position Pos2 of the
partial tomographic plane FSF2, and the position Pos3 of the
partial tomographic plane FSF3.

The panoramic tomographic image of the partial tomo-
graphic plane FSF2 includes image information of the portion
in the area PA2 extending toward the tongue-side direction
(inwardly from the dentition) or the cheek-side direction (out-
wardly from the dentition). That is, the panoramic tomo-
graphic image of the partial tomographic plane FSF2 has a
tomographic thickness shown in the area PA2. Similarly, the
partial tomographic plane FSF3 includes image information
of the portion in the area PA3 extending toward the tongue-
side direction and the cheek-side direction. That is, the pan-
oramic tomographic image of the partial tomographic plane
FSF3 has a tomographic thickness shown in the area PA3.

Here, the position in the depth direction of the position
Pos2 is matched with those of the tip portions CTel and CTe2
of the front teeth FT1 and FT2. The positions Pos1 and Pos3
are matched with those of the root apex portions RTel and
RTe2 of the front teeth FT1 and FT2. Accordingly, the posi-
tion Pos2 is disposed in the front side of the subject with
respectto the positions Pos1 and Pos3. Therefore, the position
of the tomographic plane FS2 passing through the positions
Pos1 to Pos3 changes in a non-linear manner (in this case, into
abeak shape) regarding the depth direction, along the median
line parallel to the Z-axis direction.

While in determining the tomographic plane FS2 passing
through the positions Pos1 to Pos3, the positions Pos1 to Pos3
are linearly connected to each other in YZ cross-section in the
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example shown in FIG. 6, the positions Pos1 to Pos3 may be
connected to each other with a curved line. Preferably, as in
the state shown in the view on the right side of FIG. 6, the
position Pos2 is set such that the line connecting the position
Pos1 and the position Pos2 passes through the tooth axis of
the front teeth FT1 and that the line connecting the position
Pos2 and the position Pos3 passes through the tooth axis of
the front teeth FT2.

In this preferred embodiment, the position in the depth
direction is set in the front teeth FT1 and FT2 of the upper jaw
and lower jaw and the occlusion portion thereof. However, the
tomographic plane FS2 may be automatically set so as to pass
through a position in the depth direction after the position is
set for at least one of them. On this occasion, it is possible to
support the shape of the portion in the vicinity of the front
teeth if the tomographic plane is set so as to change in a
non-linear manner (for example, into a beak shape) regarding
the depth direction along the median line LL1.

In this preferred embodiment, an operator manually des-
ignates the positions of the partial tomographic planes FSF1
to FSF3 while checking the partial panoramic tomographic
images PF1, PF2, and PF3 displayed on the image for position
designation PA11 in a superimposed manner. However, it is
also possible to automate those operations by predetermined
image recognition. For example, in a case of setting the posi-
tion of the partial tomographic plane FSF1, the position of the
partial tomographic plane FSF1 when the above-mentioned
edge of the root apex portion RTel of the front teeth FT1 of
the upper jaw can be recognized may be automatically speci-
fied.

For example, in order to recognize the edge of the root apex
portion RTel of the front teeth FT1, a plurality of tomo-
graphic images of the partial tomographic plane FSF1 are
continuously generated back and forth in the Y direction
being the depth direction of the root apex portion RTel of the
front teeth FT1. Then, the sharpness of the edge of each
tomographic image is measured, to thereby specify a position
having high sharpness. Here, the sharpness may be recog-
nized for all of the partial tomographic planes FSF1 to FSF3.
Alternatively, only part of the partial tomographic planes
FSF1 to FSF3 may be recognized and the position setting part
801a may receive the input of such selection. It suffices that
the position of the tomographic plane FS2 is set automatically
in this manner. While the tomographic image of the partial
tomographic plane FSF1 that is an X -ray image of the median
portion is generated for edge recognition and used in image
recognition in the example above, this tomographic image is
an example of images constituting the image for position
setting.

As described above, the position of the tomographic plane
FSF2 is set in the median portion including the median line
L1, which enables to generate a panoramic tomographic
image corresponding to the shapes of the front teeth FT1 and
FT2 located in the vicinity of the median line L1 of the
dentition 90.

Next, a description is given of the method of generating a
panoramic tomographic image including the entire dentition
90 based on the tomographic plane FS2 that has been set.

FIG.7A is a view for explaining the principle of generating
a panoramic tomographic image of the normal tomographic
plane FS1. FIG. 7B is a view for explaining the principle of
generating a panoramic tomographic image of the tomo-
graphic plane FS2 newly set.

As shown in FIG. 7A, the standard tomographic plane FS1
is parallel to the Z-axis and has a surface curved into a horse-
shoe shape or an approximately horseshoe shape along the
dental arch in top plane view. The standard tomographic plane
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FS1 shown in FIG. 7A is composed of a plurality of sections
FS11 to FS1# along the Z-axis direction. The section FS11 to
FS1n each pass through the same coordinates of the XY plane
at different height positions in the Z-axis direction.

On the contrary, the newly-set tomographic plane FS2
shown in FIG. 7B has a shape to project toward the (-Y)
direction as closer to the center portion thereof in the Z-axis
direction. Desirably, the tomographic plane FS2 has a smooth
curved plane as shown in FIG. 7B.

While FIG. 7B shows only the area occupied by the main
body of teeth of the dental arch, which includes the portions
corresponding to the front teeth FT1 and FT2 shown in FIG.
4 and FIG. 5, in outline with a solid line for easy understand-
ing. In actuality, however, the tomographic plane correspond-
ing to planes JU and JL, which extend above and below the
front teeth FT1 and FT2 as shown in the view on the right side
of FIG. 6, extends as indicated by broken lines (similarly, the
tomographic plane corresponding to the planes JU and JL is
assumed in FIG. 7A, which is not shown). It is desirable that
the tomographic plane FS2 be made such that the outline
portion by a solid line shown in FIG. 7B and the portions
corresponding to the planes JU and JL. are continuous from
each other smoothly without a step therebetween.

Preferably, for each amount of one pixel in height in the
Z-axis direction, pieces of image data on the curved shape of
the dental arch, which are matched with the shape of the
tomographic plane FS2, are generated and combined through
an addition process from the frame image data, to thereby
form a panoramic tomographic image regarding the entire
tomographic plane FS2.

Now, looking at the positions of sections FS21 to FS2r
having a curved shape of the dental arch at different heights in
the Z-axis direction of the tomographic plane FS2 shown in
FIG. 7B, which correspond to the sections FS11 to FS1#x of
the standard tomographic plane FS1 shown in FIG. 7A,
respectively, the portion being the vertex of the projecting
portion of the horseshoe shape projects toward the (-Y) direc-
tion.

The curvatures of the sections FS21 to FS2r canbe setto be
identical or almost identical to the curvatures of the sections
FS11 to FS1x. This is because, as apparent from the compari-
son of the section FS21, the section FS23, and the like in FIG.
7B, in a case of tomographic plane data on a horseshoe shape
orapproximately horseshoe shape having the same curvature,
effects of displacement are relatively small on the portions
corresponding to the back teeth in section even if the position
of part of the sections is displaced in the depth direction
correspondingly to the front tooth, which makes the position
of the tomographic layer unlikely to be offset from the origi-
nal back tooth.

The tomographic plane FS2 may be formed such that the
tomographic planes each having a width subdivided in the
Z-axis direction and an elongated belt-like horseshoe shape
are layered along the Z-axis. Even if pieces of image data on
a curved shape of the dental arch are not generated by pro-
cessing images starting from an appropriate position as
needed, as long as the tomographic plane FS2 is set.

In the example above, the standard tomographic plane FS1
is set to be composed of the cross-sections FS11 to FS1# that
are positioned at different heights in the Z-axis direction and
at the same position in the XY plane, which is not limited
thereto.

In the description above, mainly the case of panoramic
tomography for entire area was explained, but the present
invention can be applied to a partial panoramic tomography.
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For examples, the present invention can be applied to a pan-
oramic tomography for one of a jaw area in right side and in
lett side.

Now, examples of setting of the positions of the partial
tomographic planes FSF1, FSF2, and FSF3 and setting of the
tomographic plane FS2 are specifically described.

FIG. 13A is a view showing an example of setting the
position of the tomographic plane FS2 with the use of the
partial tomographic planes FSF1 to FSF3. In the example
shown in FIG. 13 A, positions of specific points of the partial
tomographic planes FSF1 to FSF3 are used as specific posi-
tions for determining the three-dimensional shape and posi-
tion of the tomographic plane FS2. In the example shown in
FIG. 13A, the partial tomographic planes FSF1 to FSF3 are
rectangular, for example, square or oblong in shape, and an
intersection point of lines connecting the centers of opposite
sides is the specific position.

A specific position F1M, a specific position F2M, and a
specific position F3M are set in the partial tomographic plane
FSF1, the partial tomographic plane FSF2, and the partial
tomographic plane FSF3, respectively. The specific positions
F1M to F3M are set to be positioned at the median portion.
The three-dimensional shape and position of the tomographic
plane FS2 are determined by a line FS2L (described below,
see FIG. 13B) passing through the specific positions F1M,
F2M, and F3M at the median portion.

FIG. 13B is an end view showing the median portion of the
tomographic plane FS2 shown in FIG. 13A, which is viewed
from the —X side toward the +X side. FIG. 13B is also a view
when the line FS2L is viewed from the - X side toward the +X
side. As described above, the line FS2L passing through the
median portion, which is indicated by a solid line, passes
through the specific positions F1M, F2M, and F3M. A line
FS2L indicated by a broken line serves as the base for deriv-
ing the line FS2L as described below. The line FS2L is used
for setting a position of a portion being the vertex of the
projecting portion of the horseshoe shape composed of the
cross-sections FS11 to FS1z described with reference to FIG.
7B.

In FIG. 13B, the lines FS2L' is formed of the straight line
drawn from the upper portion of the upper jaw to the specific
position F1M, the line segment connecting the specific posi-
tions F1M and F2M, the line segment connecting the specific
positions F2M and F3M, and the straight line drawn from the
specific position F3M to the lower portion of the lower jaw.
The lines FS2L is based on the line FS2L', specifically, the
line FS2L. has a shape that is obtained through the correction
in which the corner portions of the line FS2L', at which the
line FS21' changes its shape steeply, are rounded. Note that
the line FS2L passes through the specific positions F1M to
F3M, similarly to the line FS2L'.

As described above, the positions of the partial tomo-
graphic planes FSF1 to FSF3 are each movable in the Y-axis
direction. FIG. 13C is an end view showing the line FS2L to
be set when the partial tomographic plane FSF2 shown in
FIG. 13B is moved in the -Y direction. It is conceivable that
as shown in FIG. 13C, for example, the partial tomographic
plane FSF2 is further moved in the -Y direction so that the
tomographic plane FS2 is deformed to have a shape in which
the center portion thereof protrudes toward the -Y direction
more. In FIG. 13C, the line FS2L' before being moved is
indicated by a chain line, whereas the line FS2L' after being
moved is indicated by a broken line.

Also in the example shown in FIG. 13C, the line FS2L is
generated through the correction in which the corner portions
of the line FS21', at which the line FS21.' changes its shape
steeply, are rounded. The line FS2L is used in setting a posi-
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tion of a tomographic plane. The specific positions F1M to
F3M are positions for setting, which are provided for setting
the final three-dimensional shape and position of the tomo-
graphic plane FS2. Similarly, the lines FS2L' and FS2L are
lines for setting, which are provided for setting the final
three-dimensional shape and position of the tomographic
plane FS2.

FIGS. 14 A to 14F are views for explaining modifications of
the manner of setting the position of the tomographic plane
FS2 described with reference to FIGS. 13A to 13C. FIG. 14A
is the view showing an example of setting the position of the
tomographic plane FS2 with the use of the partial tomo-
graphic planes FSF1 and FSF3. In the modification shown in
FIG. 14A, among the partial tomographic planes FSF1 to
FSF3 used for setting of the tomographic plane FS2 shown in
FIG. 13A, the partial tomographic plane FSF2 is omitted.
This modification is advantageous in that a reduction of tar-
gets to be moved by the operator reduces a burden of the
operation.

FIG. 14B is the view showing the median portion of the
tomographic plane FS2 shown in FIG. 14A, with the addition
of'teeth to the end view when viewed from the -X side toward
the +X side. FIG. 14B also shows the state when the line
FS2L indicated by a broken line is viewed the —X side toward
the +X side. The state shown in FIG. 14B shows the state (for
example, initial state) before the line FS2L' is moved and
adjusted by the operator, which is the state in which the line
FS2L' has not been set to an appropriate position.

FIG. 14C is the view for explaining the shape of the line
FS2L' shown in FIG. 14B. FIG. 14C does not show the teeth.
In this modification, as shown in FIG. 14C, a specific position
F2P, which is determined from the positional relationship
between the partial tomographic planes FSF1 and FSF3, spe-
cifically, the positional relationship between the specific posi-
tions FIM and F3M, is set. In this example, the specific
position F2P is positioned at the vertex of anisosceles triangle
having, as the base, a line segment BS1, which is indicated by
a broken line connecting the specific positions F1M and F3M.

As shown in FIGS. 14B and 14C, the line FS2L' is formed
of'the straight line drawn from the upper portion of the upper
jaw to the specific position F1M, the line connecting the
specific positions F1M and F2P, and the straight line drawn
from the specific position F3M to the lower portion of the
lower jaw.

FIG. 14D is the view showing a state in which the partial
tomographic plane FSF1 shown in FIG. 14C is moved in the
+Y direction up to a position of aroot apex portion of the front
tooth FT1 of the upper jaw and the partial tomographic plane
FSF3 shown in FIG. 14C is moved in the +Y direction up to
a position of a root apex portion of the front tooth FT2 of the
lower jaw. Note that in FIG. 14D, the line FS2L' before being
moved is indicated by a chain line, whereas the line FS2L
after being moved is indicated by a broken line.

FIG. 14E is the view for explaining a shape of the line
FS2L' shown in FIG. 14D. FIG. 14E does not show the teeth.
The line FS2L' shown in FIGS. 14D and 14E is set such that
the specific position F1M is positioned at the root apex por-
tion of the front tooth FT1 of the upper jaw, the specific
position F2P is positioned at the tooth crown portion of the
front tooth FT1 of the upper jaw and the tooth crown portion
of the front tooth FT2 of the lower jaw, and the specific
position F3M is positioned at the root apex portion of the front
tooth FT2 of the lower jaw. That is, the line FS2L' is excel-
lently shaped and positioned so as to pass through all of the
root apex portion of the front tooth FT1 of the upper jaw, the
tooth crown portion of the front tooth FT1 of the upper jaw,
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the tooth crown portion of the front tooth FT2 of the lower
jaw, and the root apex portion of the front tooth FT2 of the
lower jaw.

Further, as shown in FIG. 14E, the line FS2L' indicated by
abroken line is subjected to the correction in which the corner
portions thereof, at which the line FS2I' changes its shape
steeply, are rounded, to t hereby generate the line FS2L indi-
cated by a solid line. As described with reference to FIG. 7B,
the line FS2L. is used in setting the position being the vertex of
the projecting portion of the horseshoe shape composed of the
cross-sections FS11 to FS1r, as described with reference to
FIG. 7B.

In this modification, even if the partial tomographic planes
FSF1 and FSF3 are moved, the vertex of an isosceles triangle
TR1 having, as the base, the line segment BS1 which is
indicated by a broken line connecting the specific positions
F1M and F3M is the specific position F2P. The length ofaline
segment PP1 (normal) indicated by a broken line vertically
drawn from the specific position F2P being the vertex to the
base BS1 is kept constant. The above-mentioned relationship
is kept also in a case where only one of the partial tomo-
graphic planes FSF1 and FSF3 is moved.

FIG. 14F is the view showing the lines FS2L' and FS2L
when only the partial tomographic plane FSF3 is moved in the
+Y direction from the state shown in FIG. 14E. In FIG. 14F,
the line FS2L' before being moved is indicated by a chain
double-dashed line, whereas the line FS2L' after being moved
is indicated by a broken line. As shown in FIG. 14F, even in a
case where only the partial tomographic plane FSF3 is moved
in the +Y direction, the specific position F2P is the vertex of
the isosceles triangle TR1 having, as the base, the line seg-
ment BS1 connecting the specific positions F1M and F3M,
and the length of the line segment PP1 is kept the same as that
of FIG. 14E. As shown in FIG. 14F, even in a case where only
the partial tomographic plane FSF3 is moved, the line FS2L
indicated by a broken line is subjected to the correction in
which the corner portions thereof, at which the line FS2L
changes its shape steeply, are rounded, to thereby generate the
line FS2L indicated by a solid line.

Although the length of the line segment PP1 is determined
based on the shape of a dentition having a normal shape, it is
conceivable that the length of the line segment PP1 can be
changed through designation by the operator. The shape of
the isosceles triangle TR1 can be appropriately changed. For
example, the isosceles triangle TR1 may be a scalene triangle
in which the position of the specific position F2P with respect
to the base BS1 is leaned to the lower jaw side at a certain rate.

Inthe modifications described with reference to FIGS. 14A
to 14F, among the partial tomographic planes FSF1 to FSF3
used in setting of the tomographic plane FS2 shown in FIGS.
13A to 13C, the partial tomographic plane FSF2 is omitted.
Alternatively, it is conceivable to omit any one of the other
partial tomographic planes FSF1 and FSF3.

FIG. 15A is a view showing a state of setting the position of
the tomographic plane FS2 with the use of only the partial
tomographic plane FSF1. FIG. 15B is a view showing a state
of'setting the position of the tomographic plane FS2 with the
use of only the partial tomographic plane FSF3.

In the example shown in FIG. 15A, the line FSF2L' is
determined by the specific position F1M of the partial tomo-
graphic plane FSF1 shown in FIG. 14C, a specific position
F2P' located at the same position as the specific position F2P
shown in FIG. 14C, and a specific position F3P located at the
same position as the specific position F3M of the partial
tomographic plane FSF3 shown in FIG. 14C. Specifically, the
line FS2L' is formed of the straight line drawn from the upper
portion of the upper jaw to the specific position F1M, the line
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segment connecting the specific positions F1M and F2P', the
line segment connecting the specific positions F2P' and F3P,
and the straight line drawn from the specific position F3P
toward the lower portion of the lower jaw.

The specific position F2P' is the vertex of an isosceles
triangle TR1 having, as the base, a ling segment BS1 con-
necting the specific positions F1M and F3P. The length of the
line segment PP1 is kept the same during the operation of
moving a tomographic plane, and the length of the line seg-
ment PP1 can be appropriately adjusted by the operator.
Alternatively, the positions of the specific positions F1M,
F2P', and F3P are not necessarily required to be vertices of an
isosceles triangle.

In the example shown in FIG. 15B, the line FS2L.' is deter-
mined by the specific position F1P located at the same posi-
tion as the specific position F1M of the partial tomographic
plane FSF1 shown in FIG. 14, the specific position F2P'
located at the same position as the specific position F2P
shown in FIG. 14, and the specific position F3M of the partial
tomographic plane FSF3. The shape of the standard tomo-
graphic plane FS1 is not limited to the shape described above.
For example, the standard tomographic plane FS1 itself may
be a tomographic plane FS2' (not shown) having a shape to
project toward the (-Y) direction as closer to the center por-
tion in the Z-axis direction, similarly to the tomographic
plane FS2 of FIG. 7B after the above-mentioned position
adjustment. Setting may be made such that any of the above-
mention partial area frames F1to F3 is displayed on the image
for position setting in a superimposed manner, and the posi-
tion of the tomographic plane at one location is adjusted, to
thereby allow the entire tomographic plane FS2' to move back
and forth in the depth direction. Alternatively, setting may be
made such that all of the above-mentioned partial area frames
F1 to F3 or part of a plurality thereof are displayed in a
superimposed manner and that the adjustment is partially
made back and forth in the depth direction for each height in
the Z-axis direction. This is effective in a case where the
number of partial area frames is less than three as described
above.

The partial tomographic planes FSF1, FSF2, and FSF3
described above may be each set on a tomographic plane (as
to the XY coordinates, which pass through the same coordi-
nates even if the heights differ from each other in the Z-axis
direction) whose plane extends in the vertical direction within
the range of each partial area. Alternatively, the partial tomo-
graphic planes FSF1, FSF2, and FSF3 may be each set on a
tomographic plane extending toward the direction of its incli-
nation, which is obtained by partially adopting, for each of
different heights, a part of the tomographic plane having a
shape to project toward the (-Y) direction as closer to the
middle portion in the Z-axis direction including at least the
median portion, such as the above-mentioned tomographic
plane FS2 after position adjustment.

<Manner of Position Setting Using Only Partial Panoramic
Tomographic Images>

In the example of setting the position of the tomographic
plane FS2 that is described with reference to FIGS. 4 and 5,
the image for position designation PA11 is displayed on the
display screen W1. Alternatively, it is conceivable to display
the partial panoramic tomographic images PF1, PF2, and PF3
on the display screen W1 as the images for position setting
and omit the display of the image for position designation
PA11. In this case, the partial panoramic tomographic images
PF1, PF2, and PF3, that is, median-portion X-ray images
serve as the images for position setting. Still alternatively, the
example of position setting of the tomographic plane FS2
described with reference to FIGS. 14A to 14F may be modi-
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fied, and the display of the image for position designation
PA11 may be omitted, so that only the partial panoramic
tomographic images PF1 and PF3 serve as the images for
position setting.

<Manner of Position Setting Using Plain X-Ray Projection
Image>

The median portion (portion including the front teeth of the
upper jaw and the lower jaw) that is imaged in the image for
position designation PA11 or the partial panoramic tomo-
graphic images PF1 and PF3 is the human head viewed from
the front. Alternatively, it is also possible to generate the
median-portion X-ray image in which the median portion is
imaged, with the use of a plain X-ray projection image
obtained by irradiating the head with X-rays from the side.
The position of the tomographic plane FS2 may be set
through display of the median-portion X-ray image on the
display screen W1.

In this case, it suffices that as shown in, for example, FIG.
4, the partial tomographic planes FSF1 to FSF3 are displayed
on the plain X-ray projection image (image for position set-
ting) in which the front teeth FT1 of the upper jaw and the
front teeth FT2 of the lower jaw are imaged so that the partial
tomographic planes FSF1 to FSF3 are moved through the
input of a predetermined operation by the operator. Needless
to say, the position of the tomographic plane FS2 may be set
with the use of only part of the partial tomographic planes
FSF1 to FSF3, as described with reference to, for example,
FIG. 14A or FIG. 15A.

In the example shown in FIG. 5 in which the partial pan-
oramic tomographic images PF1, PF2, and PF3 are displayed,
images that constitute an image for position setting are gen-
erated with the use of the image data obtained in panoramic
X-ray tomography. Accordingly, it is not required to sepa-
rately perform X-ray imaging, whereby an amount of X-ray
exposure of the object can be suppressed. When the plain
X-ray projection image (median-portion X-ray image) in
which the median portion is used as an image for position
setting, an amount of X-ray irradiation can be suppressed
owing to the plain X-ray projection image.

<1.3 Flows of Panoramic X-Ray Tomography and Pan-
oramic Tomography X-Ray Image Generation>

FIG. 8 is a flowchart of panoramic X-ray tomography. As
described above, in a case of performing panoramic X-ray
tomography, X-ray irradiation is performed on the object M1
when the revolution arm 30 revolves (Step S1). Then, frame
image data is obtained (Step S2), and the frame image data is
stored in the storage part 802 (Step S3).

When the frame image data is obtained, position setting of
the tomographic plane FS2 for generating a panoramic tomo-
graphic image is performed (Step S4). Further, an additional
process is performed along the set tomographic plane FS2,
whereby a panoramic tomographic image is generated (Step
S5). Then, the generated panoramic tomographic image is
displayed on the display part 81 (Step S6).

FIG. 9 is a detailed flowchart regarding the position setting
(Step S4) of the tomographic plane FS2. The position setting
of the tomographic plane FS2 is advanced in a manner
described with reference to FIG. 4 to FIG. 6. More specifi-
cally, as shown in FIG. 4, the standard panoramic tomo-
graphic image P1 regarding the standard tomographic plane
FS1 is generated, and the standard panoramic tomographic
image P1 is displayed on the display part 81 as the image for
position designation PA11 (Step S41). Then, the partial area
frames F1, F2, and F3 are displayed on the image for position
designation PA11 (Step S42). This image display is per-
formed under the control of the position setting part 801a.
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The position setting part 801a judges whether or not a
position has been designated for any of the partial tomo-
graphic planes FSF1 to FSF3 corresponding to the partial area
frames F1 to F3 (Step S43). The position setting part 801a
monitors an input of the operation via the operation part 82,
whereby the above-mentioned judgement is performed based
on the presence or absence of the input of the operation for
designating a position. In a case where a position has been
designated (Yes in Step S43), the partial panoramic tomo-
graphic images PF1 to PF3 regarding the partial tomographic
planes FSF1 to FSF3 at the designated position are generated
by the image information processing part 8015. Then, the
generated partial panoramic tomographic images PF1 to PF3
are displayed in the partial area frames F1 to F3 correspond-
ing thereto (Step S44).

In a case where a position has not been designated in Step
S43 (No in Step S43), the position setting part 801« judges
whether to confirm the position of the tomographic plane FS2
(Step S44). The judgement of Step S45 is performed based on
whether or not an input of the operation regarding the confir-
mation has been made. In a case where the position of the
tomographic plane FS2 has been confirmed (Yes in Step S45),
the tomographic plane FS2 is finally determined (Step S46).
As described with reference to FIG. 6, in Step S46, the tomo-
graphic plane FS2 is set so as to pass through the positions
Pos1 to Pos3 of the partial tomographic planes FSF1 to FSF3.
In a case where the position of the tomographic plane FS2 has
not been confirmed (No in Step S45), the position setting part
801aq returns to Step S43, and receives the input of the opera-
tion of designating positions in the depth direction of the
partial tomographic planes FSF1 to FSF3.

FIG. 10 is a detailed flowchart of the generation of a pan-
oramic tomographic image (Step S5). The panoramic tomo-
graphic image is generated in a manner described with refer-
ence to FIGS. 7A and 7B. In other words, when the
tomographic plane FS2 is determined in Step S46, XY coor-
dinates of the image data on the curved shape of the dental
arch that is matched with the shape of the tomographic plane
FS2 are calculated for each amount of one pixel in height
regarding the Z-axis direction (Step S51).

In accordance with the calculated coordinates, pieces of
image data on a curved shape of a dental arch, which are
matched with the shape of the tomographic plane FS2, are
generated for each amount of one pixel in height in the Z-axis
direction through an addition process (Step S52). When the
image data on a curved shape of one dental arch is generated,
it is judged whether or not image data on a curved shape of a
dental arch at the next height needs to be generated (Step
S53). In a case where the next image data needs to be gener-
ated (Yes in Step S53), the routine returns to Step S52, and
image data on a curved shape of the next dental arch is
generated.

In a case where image data on a curved shape of a dental
arch is generated for all of the heights set in the Z-axis direc-
tion of the tomographic plane FS2 (No in Step S53), the
generated all pieces of image data on the curved shapes of the
dental arch are combined through binding for the Z-axis
direction (Step S54). As a result, a panoramic tomographic
image regarding the tomographic plane FS2 is generated.

According to this preferred embodiment, the position of
the tomographic plane FS2 can be set regarding the depth
direction for the median line [.1. As a result, the tomographic
plane FS2 canbe set in consideration of the shapes of the front
teeth FT1 and FT2, which enables to obtain a clear panoramic
tomographic image.

Furthermore, the partial area frames F1 to F3 for designat-
ing the position regarding the depth direction are set, and the
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positions in the depth direction of the partial tomographic
planes FSF1 to FSF3 corresponding to the partial area frames
F1 to F3 are changed, whereby the partial panoramic tomo-
graphic images PF1 to PF3 at the changed positions are gen-
erated and displayed in the partial area frames F1 to F3,
respectively. Therefore, the partial panoramic tomographic
images PF1 to PF3 are updated in real time, which makes it
easy to obtain an optimum position.

In addition, the partial area frames F1 to F3 can be matched
with the areas including the tooth root portions RT1 and RT2
or tooth crown portions CT1 and CT?2 of the front teeth FT1
and FT2. For this reason, the optimum positions in the depth
direction of the partial tomographic planes FSF1 to FSF3 can
be specified by using, as indicators, the shapes of the tooth
root portions RT1 and RT2 (particularly, root apex portions
RTel and RTe2 and a portion in the vicinity thereof) or the
tooth crown portions CT1 and CT?2 (particularly, tip portions
CTel and CTe2 and a portion in the vicinity thereof). The
tomographic plane FS2 is set so as to pass through the posi-
tions Pos1 to Pos3 in the depth direction of the partial tomo-
graphic planes FSF1 to FSF3 matched with the optimum
position in this manner. This enables to set the tomographic
plane FS2 corresponding to the actual shape of the dentition
90. Therefore, the tomographic plane FSF2 faithful to the
shape of the dentition 90 can be set, which enables to generate
a panoramic tomographic image suitable for diagnosis.

2. Modifications

While the preferred embodiment has been described
above, the present invention is not limited to the one described
above and can be modified in various manners.

For example, the standard panoramic tomographic image
P1 is displayed as the image for position designation PA11 in
the preferred embodiment. However, the image for position
designation PA11 is not limited to this. For example, a cepha-
logram obtained by taking an image of the dentition 90 from
the side through cephalic imaging may be used as the image
for position designation PA11. In this case, for example, the
partial tomographic planes FSF1 to FSF3 shown in the cross-
section of the dentition in FIG. 4 (or FIG. 5) are displayed on
the cephalogram. Then, it suffices that the partial tomo-
graphic planes FSF1 to FSF3 are moved along the depth
direction to designate the positions in the depth direction
thereof.

The cephalostat 43 is provided with a head fixture 431,
which enables to set a reference position (not shown) based
on the position of the head fixture 431 and calculate adjusted
positions of the tomographic planes FSF1 to FSF3 with
respect to the reference position. The cephalogram as an
image for position designation is an example of images con-
stituting an image for position setting.

Alternatively, as in the case of FIG. 5 in which the desig-
nation is made on an X-ray image of the side surface of the
front tooth portion, the partial tomographic planes FSF1 to
FSF3 may be designated by, for example, irradiating the head
fixed to the object fixing part 421, especially, the front tooth
portion from the side with an X-ray beam from the X-ray
generator 13, detecting the X-ray beam by the X-ray detector
21, generating an X-ray image of the side surface of the front
tooth portion, and displaying the X-ray image displayed on
the display part 81 as the image for position setting. It is
possible to set a reference position (not shown) based on the
position of the object fixing part 421 and calculate the
adjusted positions of the tomographic planes FSF1 to FSF3
with respect to the reference position. The X-ray image of the
side surface of the front tooth portion as the image for position
setting is an example of images constituting an image for
position setting.
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In the preferred embodiment above, the position of the
object M1 is specified, and the movement of the X-ray gen-
erator 13 in panoramic X-ray tomography is adjusted by the
adjustment part 6014 based on the positional information
such that the object M1 is ideally irradiated with the X-ray
beam BX1. Alternatively, the position of the object M1 may
be moved to a predetermined position. As a configuration for
moving the object M1, the movement mechanism disclosed
in, for example, Japanese Patent Application Laid-Open No.
02-140150 (1990) filed by the applicant of the present appli-
cation may be appropriately adopted.

Alternatively, the position or shape of the tomographic
plane FS2 may be adjusted. Such a configuration is preferred
as a measure taken in a case where the dental arch is shifted
from an ideal position by a movement of a patient when, for
example, the patient is positioned. FIG. 11 shows a configu-
ration example thereof.

FIG. 11 is an explanatory view for explaining the displace-
ment adjustment or shape adjustment of the tomographic
plane FS2. In the example shown in FIG. 11, the displacement
adjustment or shape adjustment is performed as described
below. In the description below, the front-and-back direction
(Y-axis direction), the right-and-left direction (X-axis direc-
tion), and the up-and-down direction (Z-axis direction) are
each set relative to the human head.

(1) The entire tomographic plane FS2 is adjusted to be
displaced forward (toward a direction DFW, thatis, —Y direc-
tion).

(2) The entire tomographic plane FS2 is adjusted to be
displaced backward (toward a direction DRV, that is, +Y
direction).

(3) The entire tomographic plane FS2 is adjusted to be
displaced rightward (toward a direction DR, that is, =X direc-
tion).

(4) The entire tomographic plane FS2 is adjusted to be
displaced leftward (toward a direction DL, that is, +X direc-
tion).

(5) The entire tomographic plane FS2 is adjusted to be
displaced upward (toward a direction DUP, that is, +Z direc-
tion).

(6) The entire tomographic plane FS2 is adjusted to be
displaced downward (toward a direction DLW, that is, -Z
direction).

(7) The entire tomographic plane FS2 is adjusted to be
displaced through rotation clockwise (toward a direction
DRLU) about a virtual rotation axis VA1. The virtual rotation
axis VAl is set to extend immediately backward from the
portion in the vicinity of the center of the front teeth.

(8) The entire tomographic plane FS2 is adjusted to be
displaced through rotation counterclockwise (toward a direc-
tion DRRU) about the virtual rotation axis VA1.

(9) The entire tomographic plane FS2 is adjusted to be
displaced through forward tilting to turn forward (toward a
direction DRFU) about a virtual rotation axis VA2. The vir-
tual rotation axis VA2 is set to, for example, extend toward the
right and left from the portion in the vicinity of the center of
the front teeth. The rotation axis VA2 may be set to another
position. For example, the rotation axis VA2 may be set to
penetrate the portions in the vicinity of the occlusion of the
innermost right and left molars.

(10) The entire tomographic plane FS2 is adjusted to be
displaced through backward tilting to turn backward (toward
a direction DRBU) about the virtual rotation axis VA2.

(11) The entire tomographic plane FS2 is adjusted to be
displaced through rotation rightward (toward a direction
DRRT) about a virtual rotation axis VA3. The virtual axis V3
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is set to, for example, extend upward and downward in the
vicinity of the center of the front teeth.

(12) The entire tomographic plane FS2 is adjusted to be
displaced through rotation counterclockwise (toward a direc-
tion DRLT) about the virtual rotation axis VA3.

(13) The shape is adjusted such that the right portion of the
tomographic plane FS2 is widened outwardly (toward a direc-
tion DRW) about the virtual rotation axis VA3. In this shape
adjustment, the curvature of the right portion of the tomo-
graphic plane FS2 may be set to appropriately change. The
adjustment as described above is effective in a case where the
imaged dental arch is widened more than assumed.

(14) The shape is adjusted such that the right portion of the
tomographic plane FS2 is narrowed inwardly (toward a direc-
tion DRN) about the virtual axis VA3. In this shape adjust-
ment, the curvature of the right portion of the tomographic
plane FS2 may be set to appropriately change. The adjust-
ment as described above is effective in a case where the
imaged dental arch is widened less than assumed.

(15) The shape is adjusted such that the left portion of the
tomographic plane FS2 is widened outwardly (toward a direc-
tion DLW) about the virtual axis VA3. In this shape adjust-
ment, the curvature of the left portion of the tomographic
plane FS2 may be set to appropriately change. When the
shape is adjusted for one of the direction DRW and the direc-
tion DLW, a shape adjustment may be performed on the other
direction for an amount corresponding to the adjustment
amount.

(16) The shape is adjusted such that the left portion of the
tomographic plane FS2 is narrowed inwardly (toward a direc-
tion DLN) about the virtual axis VA3. In this shape adjust-
ment, the curvature of the left portion of the tomographic
plane FS2 may be set to appropriately change. When the
shape is adjusted for one of the direction DRN and the direc-
tion DLN, a shape adjustment may be performed on the other
direction for an amount corresponding to the adjustment
amount.

The configuration may be made so as to allow part of the
displacement adjustment and shape adjustments (1) to (16).
The displacement adjustments and shape adjustments (1) to
(16) are performed on the newly set tomographic plane FS2.
However, a target tomographic plane for displacement or
shape adjustment is not limited to the tomographic plane FS2.
For example, the displacement or shape adjustment may be
performed similarly on the standard tomographic plane FS1.
Desired setting of the tomographic plane FS2, which is
described with reference to, for example, FIG. 5, may be
performed after the displacement or shape adjustment is per-
formed on the tomographic plane FS1.

FIG. 12 is an explanatory view for explaining an example
of'an interface for performing the displacement adjustment or
shape adjustment shown in FIG. 11. FIG. 12 shows a display
screen W2 including operation frames OP1, OP2, and OP3.

Various buttons are arranged around the display screen for
position setting W1 within the operation frame OP1. In addi-
tion, various buttons are arranged around a symbol BOW1
having an arcuate shape showing a dental arch within the
operation frame OP2. The symbol BOW1 schematically
shows the dental arch in plane view. Various buttons are
arranged behind a symbol BOW2 having an arcuate shape
that shows a dental arch within the operation frame OP3. The
symbol BOW2 schematically shows the dental arch when the
dental arch is viewed obliquely from upper left in front
thereof.

In the example shown in FIG. 12, the various buttons
displayed on the display screen W2 are turned on/off with a
pointer that is moved by means of a mouse or the like. The
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various buttons are configured such that, for example, a dis-
placement amount in each direction is adjusted in accordance
with a period of time of turning-on.

Various functions described below are assigned to the vari-
ous buttons shown in FIG. 12.

(A) A button SFW is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DFW) of (1) above.

(B) A button SRV is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DRV) of (2) above.

(C) A button SR is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DR) of (3) above.

(D) A button SL is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DL) of (4) above.

(E) A button SUP is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DUP) of (5) above.

(F) A button SLW is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is displaced
toward the direction DLW) of (6) above.

(G)Abutton SRLU is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRLU) of (7) above.

(H) A button SRRU is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRRU) of (8) above.

(I) A button SRFU is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRFU) of (9) above.

(J) A button SRBU is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRBU) of (10) above.

(K) A button SRRT is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRRT) of (11) above.

(L) A button SRLT is provided for instructing the displace-
ment adjustment (the tomographic plane FS2 is rotated
toward the direction DRLT) of (12) above.

(M) A button SRW is provided for instructing the shape
adjustment (the tomographic plane FS2 is widened toward the
direction DRW) of (13) above.

(N) A button SRN is provided for instructing the shape
adjustment (the tomographic plane FS2 is narrowed toward
the direction DRN) of (14) above.

(O) A button SLW is provided for instructing the shape
adjustment (the tomographic plane FS2 is widened toward the
direction DLW) of (15) above.

(P) A button SLN is provided for instructing the shape
adjustment (the tomographic plane FS2 is narrowed toward
the direction DLN) of (16) above.

The displacement and shape adjustments (1) to (16) of FIG.
11 may be performed with an appropriate adjustment amount.
Alternatively, some default adjustment positions may be pre-
pared in advance for each of (1) to (16) so that an appropriate
one is selected in accordance with, for example, the number
of times a mouse is clicked (setting can be made such that
selections may be performed in order with one of click but-
tons and may be performed in inverse order with the other
thereof).

The preparation of the buttons above enables to adjust the
displacement or shape of the tomographic plane FS2. A par-
tial area frame FL and a partial area frame FR may be set in the
left portion and the right portion on the image for position
designation PA11, respectively. As in the partial area frames
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F1to F3, a partial panoramic tomographic image regarding a
tomographic plane FS2 newly set through the displacement or
position adjustment is displayed within the partial area frame
FL or the partial area frame FR. This makes it easy to under-
stand whether or not an adjustment amount is appropriate.

As to the partial area frames FL. and FR, any of the partial
area frames F1 and FR is selected through a click operation of
a mouse similarly to the partial area frames F1 to F3, so that
a roller provided in the mouse is rotated toward any one of +
and - directions of rotation for the selected partial area frame.
As aresult, the roller is rotated toward the other of the direc-
tions of rotation in the +Y depth direction, which may allow
the position adjustment of the tomographic plane FS2 in the
-Y direction. In this case, the tomographic plane FS2 under-
goes an adjustment similar to, for example, the displacement
adjustment (13) toward the direction DRW, the displacement
adjustment (14) toward the direction DRN, the displacement
adjustment (15) toward the direction DLW, or the displace-
ment adjustment (16) toward the direction DLN described
with reference to FIG. 11.

The configuration described in the preferred embodiment
and modifications above can be appropriately combined
unless they are not contradictory with each other.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A panoramic tomography X-ray apparatus, comprising:

an X-ray generator for emitting X-rays;

an X-ray detector including a plurality of detection ele-
ments outputting signals corresponding to intensity of
the X-rays to be incident thereon;

a revolution mechanism for causing the X-ray generator
and the X-ray detector to be opposed to each other with
an object including a dentition therebetween and allow-
ing the X-ray generator and the X-ray detector to revolve
about the object;

a storage part for successively storing and accumulating
the signals output from the X-ray detector as an image
information when the X-ray generator revolving emits
the X-rays;

an image information processing part for receiving the
image information from the storage part and superim-
posing overlapped portions of images along a tomo-
graphic plane corresponding to a dental arch to generate
a panoramic tomographic image;

a display part for displaying the panoramic tomographic
image generated by the image information processing
part;

a position setting part for setting, in a median portion
including a median line of the object, a position of the
tomographic plane regarding a depth direction of the
object with a use of at least one image for position setting
comprising a median-portion X-ray image including the
median portion; and

an operation part for receiving an input of an operation by
an operator, wherein

said position setting part receives designation of a position
of said tomographic plane regarding the depth direction
at a partial area including said median portion with
respect to said image for position setting via said opera-
tion part, and

said image information processing part causes said display
part to display a new panoramic tomographic image
generated by changing position of the tomographic
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plane corresponding to the dental arch along said depth
direction in accordance with a designated position by
said designation received via said operation part.

2. The panoramic tomography X-ray apparatus according
to claim 1, wherein

the position setting part causes the display part to display,

as an image for position designation that forms the at
least one image for position setting, the panoramic
tomographic image regarding the dentition, and

on the at least one image for position setting, the position

setting part receives designation of a position regarding
the depth direction of the tomographic plane in the
median portion via the operation part and allows a dis-
play of a tomographic image of the partial area at the
designated position received, as the median-portion
X-ray image, on the image for position designation in a
superimposed manner.

3. The panoramic tomography X-ray apparatus according
to claim 2, wherein the position setting part allows a display
of, for the partial area including the median portion, a pan-
oramic tomographic image of a partial tomographic plane at
the designated position as the median-portion X-ray image on
the image for position designation in the superimposed man-
ner.

4. The panoramic tomography X-ray apparatus according
to claim 3, wherein a position of the partial area is changeable
in a direction orthogonal to the depth direction by the input of
the operation via the operation part on the image for position
designation.

5. The panoramic tomography X-ray apparatus according
to claim 2, wherein the position setting part receives the
designation of the position regarding the depth direction for
an upper jaw or a lower jaw in the median portion.

6. The panoramic tomography X-ray apparatus according
to claim 2, wherein the position setting part receives the
designation of the position regarding the depth direction for
an area including a tooth root portion of at least one tooth
located in the median portion.

7. The panoramic tomography X-ray apparatus according
to claim 2, wherein the position setting part receives the
designation of the position regarding the depth direction for
two areas including a tooth root portion of at least one tooth
located in the median portion and a tooth crown portion of the
at least one tooth.

8. The panoramic tomography X-ray apparatus according
to claim 2, wherein the position setting part receives the
designation of the position regarding the depth direction for
three areas including a tooth root portion of at least one tooth
of an upper jaw, a tooth root portion of at least one tooth of a
lower jaw, and occlusion portions of these teeth.

9. The panoramic tomography X-ray apparatus according
to claim 1, wherein the position setting part sets the position
of the tomographic plane such that the position of the tomo-
graphic plane changes along the median line in a non-linear
manner regarding the depth direction of the object.

10. The panoramic tomography X-ray apparatus according
to claim 1, wherein the position setting part sets the position
of the tomographic plane such that the position of the tomo-
graphic plane changes along the median line L1 into a beak
shape in the depth direction of the object.

11. The panoramic tomography X-ray apparatus according
to claim 1, wherein the tomographic plane has a curved plane
along the dental arch.

12. The panoramic tomography X-ray apparatus according
to claim 1, further comprising:

a position detection part for detecting a position of the
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an adjustment part for adjusting a positional relationship
among the object, the X-ray generator, and the X-ray
detector based on detection results by the position set-
ting part.

13. An image processing device, comprising:

a storage part for storing, when an X-ray generator emits
X-rays while the X-ray generator and an X-ray detector
are caused to revolve about an object including a denti-
tion in a state of being opposed to each other with the
object therebetween, signals output from the X-ray
detector in accordance with intensity of the X-rays as
image information when the X-ray generator being
revolved by a revolution mechanism emits the X-rays;

an image information processing part for retrieving the
image information from the storage part and performing
a process of superimposing overlapped portions of
images along a tomographic plane corresponding to a
dental arch to generate a panoramic tomography image;

a display part for displaying the panoramic tomographic
image generated by the image information processing
part;

a position setting part for setting, in a median portion
including a median line of the object, a position of the
tomographic plane regarding a depth direction of the
object with a use of at least one image for position setting
comprising a median-portion X-ray image including the
median portion; and

an operation part for receiving an input of an operation by
an operator, wherein

said position setting part receives designation of a position
of said tomographic plane regarding the depth direction
at a partial area including said median portion with
respect to said image for position setting via said opera-
tion part, and

said image information processing part causes said display
part to display a new panoramic tomographic image
generated by changing position of the tomographic
plane corresponding to the dental arch along said depth
direction in accordance with a designated position by
said designation received via said operation part.

14. The image processing device according to claim 13,

wherein

the position setting part causes the display part to display,
as an image for position designation that forms the at
least one image for position setting, the panoramic
tomographic image regarding the dentition, and

on the at least one image for position setting, the position
setting part receives designation of a position regarding
the depth direction of the tomographic plane in the
median portion via the operation part and displays a
tomographic image of the partial area at the designated
position received as the median-portion X-ray image on
the image for position designation in a superimposed
manner.

15. The panoramic tomography X-ray apparatus according

to claim 1, wherein

said position setting part receives the designation of the
position regarding the depth direction of said tomo-
graphic plane for each of different height positions of
said dentition, and

said image information processing part changes the posi-
tion of the tomographic plane corresponding to the den-
tal arch along said depth direction in accordance with
said designated position for each of said different height
positions.
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16. The panoramic tomography X-ray apparatus according
to claim 1, wherein the tomographic plane corresponding to
the dental arch contains a portion extending toward the direc-
tion of its inclination.

17. The panoramic tomography X-ray apparatus according
to claim 1, wherein the median-portion X-ray image is a plain
X-ray projection image obtained by irradiating the dentition
with X-rays from the side.

18. A panoramic tomography X-ray apparatus, compris-
ing:

an X-ray generator for emitting X-rays;

an X-ray detector including a plurality of detection ele-
ments outputting signals corresponding to intensity of
the X-rays to be incident thereon;

a revolution mechanism for causing the X-ray generator
and the X-ray detector to be opposed to each other with
an object including a dentition therebetween and allow-
ing the X-ray generator and the X-ray detector to revolve
about the object;

a storage part for successively storing and accumulating
the signals output from the X-ray detector as an image
information when the X-ray generator revolving emits
the X-rays;

an image information processing part for receiving the
image information from the storage part and superim-
posing overlapped portions of images along a tomo-
graphic plane corresponding to a dental arch to generate
a panoramic tomographic image;

a display part for displaying the panoramic tomographic
image generated by the image information processing
part;

a position setting part for setting, in a median portion
including a median line of the object, a position of the
tomographic plane regarding a depth direction corre-
sponding to a front-back direction of the object with a
use of at least one image for position setting comprising
a median-portion X-ray image including the median
portion; and

an operation part for receiving an input of an operation by
an operator, wherein

said image for position setting includes an image display-
ing an X-ray image of a partial area including said
median portion on an image for position designation
formed of an X-ray image of the entire dentition in a
superimposed manner,

one or more of the X-ray image of said partial area are
arranged in a longitudinal direction along said median
line in said median portion in the X-ray image of said
entire dentition, the X-ray image of said partial area
being a tomographic image of only said partial area
along the tomographic plane of said panoramic tomo-
graphic image,

the position designation regarding said depth direction is
performed by said operation part receiving operation of
adjusting the position of each tomographic plane of the
tomographic image of only said partial area to move
individually in said depth direction, and

said image information processing part causes said display
part to display a new panoramic tomographic image
generated by changing position of the tomographic
plane corresponding to the dental arch along a desig-
nated position by said position designation received via
said operation part.
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19. The panoramic tomography X-ray apparatus according
to claim 18, wherein two or three of the X-ray images of said
partial area are arranged in the longitudinal direction along
said median line.

20. The panoramic tomography X-ray apparatus according
to claim 18, wherein the position of said partial area is con-
figured to move at least in said longitudinal direction.

21. An image processing device, comprising:

a storage part for storing, when an X-ray generator emits
X-rays while the X-ray generator and an X-ray detector
are caused to revolve about an object including a denti-
tion in a state of being opposed to each other with the
object therebetween, signals output from the X-ray
detector in accordance with intensity of the X-rays as
image information when the X-ray generator being
revolved by a revolution mechanism emits the X-rays;

an image information processing part for retrieving the
image information from the storage part and performing
a process of superimposing overlapped portions of
images along a tomographic plane corresponding to a
dental arch to generate a panoramic tomography image;

a display part for displaying the panoramic tomographic
image generated by the image information processing
part;

a position setting part for setting, in a median portion
including a median line of the object, a position of the
tomographic plane regarding a depth direction corre-
sponding to a front-and-back direction of the object with
a use of at least one image for position setting compris-
ing a median-portion X-ray image including the median
portion; and

an operation part for receiving an input of an operation by
an operator, wherein

said image for position setting includes an image display-
ing an X-ray image of a partial area including said
median portion on an image for position designation
formed of an X-ray image of the entire dentition in a
superimposed manner,

one or more of the X-ray image of said partial area are
arranged in a longitudinal direction along said median
line in said median portion in the X-ray image of said
entire dentition, the X-ray image of said partial area
being a tomographic image of only said partial area
along the tomographic plane of said panoramic tomo-
graphic image,

the position designation regarding said depth direction is
performed by said operation part receiving operation of
adjusting the position of each tomographic plane of the
tomographic image of only said partial area to move
individually in said depth direction, and

said image information processing part causes said display
part to display a new panoramic tomographic image
generated by changing position of the tomographic
plane corresponding to the dental arch along a desig-
nated position received via said operation part.

22. The image processing device according to claim 21,
wherein two or three of the X-ray images of said partial area
are arranged in the longitudinal direction along said median
line.

23. The image processing device according to claim 21,
wherein the position of said partial area is configured to move
at least in said longitudinal direction.
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